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Title of the Invention: +* MlM 

(fiANUFACTURING MEHTODjjOF STRUCTURAL BODY AND 
STRUCTURAL BODY 



Background of the Invention: 

^Technical Field to which the Invention Belongs>) . vrfe^ 

The present invention relates to a method of 
manufacturing fone)Astructural body (by joining without a gap . U*^ '• ■' 
plural (forming productsJAhaving a f lange jjtc^ an end portion ; 



10 of one plate (and) A another platey^in particular, to a 

i manufacture suitable for Jan end structure jforj constituting 
[a longitudinal direct ion)fl end portion of a railway vehicle. 
(<Prior Art>) 

As shown in Japanese patent No. 2,692,459 (USP No. 

15 5,488,770), a car body of a railway vehicle/has a 

hexahedron^body . Ar\(Eongitudinal direction} end portion of 
the railway vehicle is^(called) as an end structure. (Tq^the 
end structure, /y a passage^ for (coming and going^to an 
adjacent car (body is provided). 

?n For this reason, the end structureifnecessaries) two 

plates^(£or) constituting alright side^ passag^^^d^a^left 
side^passage and a plate for constituting A (an upper portion) 



tof) the passage. Since the three plates join a roof 
structural bodyji and a side structural bod^, (to the end) 
25 (portion of) the outer sidefr^of the three plates^have 

(respectively the^f lange* . Further, the end portions of the 
three plates have ^the) reinforcement (use) flanges . 



In the prior art, [the forming^ product^ having (tho)^ 
flange A jto the end portion} of the plate is manufactured by 
^the) press (manner)jin which the plate is placed between a 
female die and a male die. S±J}P e (ihe|jf emale die and (the) * 
5 male die are {necessitated and then itLbecomes (the) high (cosj. 
For the above reason, {to the] respective (plat^ L-shape^ 
plates £s)) welded (according to a)ispot welding /manner) and one 
side ofjL- shapes* plate (is formed as]/ the above-stated flange. 
As a means for (Lessening] the^ metal die. a forming 
^ \ ' 10 method/^hasj proposed^ as shown in (from) Fig. 18 to Fig. 20 of 
Japanese application patent laid-open publication No. Hei 
11-310,371. In this method, (td)jthe female die * an outer 
peripheral portion of a^ {tow) material is fixed and the ^ow)/^ 
material is pushed in (according^ a rod-shape4 tool|(an^ along 
15 %P) an inner peripheral face of the female die. The tool is 
moved and the plate is (carried outjjincrementally^a buckling 
processing. 

On the other hand, in Japanese application patent 

laid-open publication No. Hei 10-76, 321, j a squeezing 

20 processing is carried out incrementally. . £ J) 

^construction shown in Fig. 13 will be explained^ 

(t^j three plates 1, 2, 3, after flanges lb, lc, Id, 2b, 2c, 

2d, 3b, 3c, 3d have/vprovided. The flanges lb, 2b of the 

right and the left plates 1, 2 are overlappedj and these 
lb j^jdjytJXT ' 

25 flanges ^ffifc, 2b are (carried out accordinghto (the} spot 

weldinq and^are formed as one body. The flanges (Is); provided 

as [one^body by bending the plates 1, 2, 3. Further, the 
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r h 

flanges lc, 3c , 2c are overlapped jtq^a roof structural body 
30 and welded. ^ . I 

^^beference numeral 45\i% a {passenger of)j|passengers • 
' The respective three j^jUrtes 1, 2, 3 are continued to the 
5 adjacent flange and (a)) connection portion has a circular arc 
shape. In this case, to a joining portion between the 
right and the left plates 1, f, the central plate I and the 
roof structural body 30 , a space exists. This space must 
be closed with^another plate to prevent (the entering the? 

10 rainjwater etc}. ^ he closing working! re ^!I!!iSSfe?^ fj hi 9 h 

cost. Further , (ai^n outer appearance becomesi(ba<^. j» 
Further, the flange^ (Informed by bending the plate ^ a 
cross-section thereof has the circular arc shape. For this 
reason, a groove is provided between the right and_ left 
15 plates, (5ccordingly)/the outer appearance becomesj(ba<^. 

In the increment^ forming method, since the metal die 
is [made by one)jdie, the manufacture can be carried out with 
^h^low cost. However, in the increment forming method^ 
kfshownV in the above? stated Japanese application patent laid- 
20 open publication Hei 11-310 , 371 , ^to the end portion (the) 
(flange is forme^but the plate ig^lef t on the outer 
peripheral portion of the flange. ^ in a case where the 
plate is unnecessary, it is necessary to cut off and remove 

the outer peripheral portion of the flange. 

J 

25 Further, according to this increment^ forming method, 

when the flange is formed, the angle (by making))the flange 
and the bottom plate is not (made with the)^right angle^ 
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however it works. For example , when a cylinder is joined 
by overlapping the flange / ^the flange has/ (the) right angle/ 
it ^can hardl^to carry out {the] overlapping joining. 

Further, it is difficult to form ^h^flange having 
5 (the highkheight . For this reason, (to the flange) it is 
difficult to overlap (anotne^member and a flange of (the) 
another member. 

On the other hand/ according to the processing method 
^shown)/in the above~stated Japanese application patent laid- 
10 open publication No. Hei 10-76/321/ when the flange is 
processed, ^the)J( wrinkle can occur easily in the joining 
portion between the /flange and the/ flange. 



Summary of the Invention: 



15 An object of the present invention/besides^ in that^ 

when two plates having a flange and a third plate are 
joined, (a^joccurrence of a space in a joining portion can 
be prevented. 

The abover stated object can be attained by a * » _J^.a 

20 (manufacturingj method of/a structural body, £nanuf acturing^a 
first plate and a second plate^ f or abutting and welding the 
first plate, the first plate comprising a first flange 
provided by bending a. first side of the first plate, a 
second flange jbeingjfprthogonal /substantially} to the first 
25 flange and^provided by bending a second side of the first 
plate, and a recessed portion (except for a)j flange between 
an end portion in a longitudinal direction of the first 
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flange and an end portion in a longitudinal direction of 
the second flange, the second plate comprising a third 
flange provided by bending a first side of the second plate 
# and for connecting the end portion in the longitudinal 



parallel substantially to the first side and in an end 
portion in a longitudinal direction of the third flange and 
10 in a vicinity of the end portionQj abutting the end portion 
in the longitudinal direction of the first flange and the 
end portion of the longitudinal direction of the third 
flange^j abutting the third side to an outer side of a 
circular arc of the second flange from the first plate[^j 
15 inserting and abutting the raised portion to the recessed' 
portioifA jand welding the respective abutted portions. 





Brief Description of the Drawings: 




Fig. 1 is a (rear facehview of an end structure of a 
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car body (bmone embodiment according to the present 





Fig. 2 is {il-li) cross-sectional view (bf^Fig . 1; 
Fig. 3 is (ill-Ill^ cross-sectional viewjof^Fig. 1; 
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Fig. 4 is an enlarged view of/py) port iomjbf) Fig . 1; 
Fig. 5 is (v-V) cross-sectional view (orj^Fig . 4; 



Fig. 6 is a perspective view of an end structure of a 




car body {bf^jpne embodiment according to the present 
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invent: ion; 
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Fig. 7 is a longitudinal cross-sectional view of (an) 
^sseritiaiyportion of an increment^ forming apparatus; 



Fig. 8 is a plan view^ between a flange 52b and a 
5 flange 52c ^LnJ^a midway/ of the forming; 

Fig. 9 is a plan view of an end portion in a 
longitudinal direction of a flange j^Lri) a midwayj of the 
forming; 

Fig. 10 is a plan view of a circular arc portion (Iii^ a 
midway; of the forming; ^JL*^ 

Fig. 11 is a Sront face^view of an end structure of a 
car body (of^yanother embodiment according to the present 



invention; 



15 and 



Fig. 12 is ^XII-XIl) cross-sectional view (of^Fig. 11; 
Fig. i3 is a^iewjjcorresponding to^Fig. 1 A in fehej<^ 



prior art|. 



Description of the Invention^j ^ 

20 A first embodiment of aj manufacturing (method of) a 

structural body according to the present invention will be 
explained (referring fromj^Fig. 1 to Fig. 12 . u Fig. yj^shows 
mainly a (lef ^half portion of a car body. The car body 
comprises a stand flame 10 (for) constituting a floor, a side 

25 structural body 2 0 (for) constituting a side face, a roof 
structural 30 ' anc * an enc * structural body 4 0 for 

closing {ar^end portion of the car body. 



^the end structural body 40 comprises a passage 45 for 
the passengers , a plate 50 (fox} constituting a left side 
thereof/ a plate 60 ^or) constituting a right side thereof , 
'and a plate 70 (fo^ constituting an upper portion £pf)jthe 
5 passage 45. 

The right and the left plates 50 and 60 are.*] 
^ibs^t^tially g>iadrangJifc shape^and to^an end) portion^ except 
for K (a sid^e^f a lower end of the) plate^ flanges 52b, 52c, 
52d, 62b, 62c, 62d are provided. The flange 52b (62b) is V| 

10 ^he) flange |in ^side of the passage 45. The flange 52c | 

<\ . : 

(62c) is (th%fcflange which overlaps ^to] the roof structural S 

body 30. The flanges 52d, 52e (62d, 62e) are flanges which 

overlap £o^ the side structural body 20. 4 

£r<^a joining portioi^fpfjithefan^ upper end of the 

15 vertical flange 52b (62b) and the^flange 52c (62c) (of the3 

(upper sid^, no flange is provided. ^i?h^flanges f ormi a non- 

continpous portion^ In this portion^ no flange is provided • 

(but)^a portion of (a bottom)^plate 51 (61) is^(fex^pte^ f | a 

quadrangle-shaped recessed portion 53 ( 63 |i!s^^rovide^. 

20 size of the^rg^essed portion 53 (63) will be described {In a) 

(latter portioi^. 

The plate 70 (for) constituting the upper portion (of^A^ 

the passage 45 for the passengers is A substantially 
ok* 

quadrangle shape and has flanges 72b and 72c £i_rt*the lower 
25 side and the upper side^. The flange 72c is (the f langej v**^-" ***** 
^hicfij overlaps ftq^the roof flUfcstructural body 30. 

^Bnd portions (of aj/^left side 71b and a right side 71c 
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of the plate 7 0 are abutted go a^bent circular arc-shaped 
outer face (In^ which the flange 52b (62b) protrudes from the 
(Bottom) plate/ 51 (61). This abutted portion is^(carried out) 
fe h ^^J^ (61) of the plate 50 (60) 

is (the same face of a bottomjiplate 71. Further, this 
abutting welding is)(called s as a} fillet welding ^manne^. 

The riqht and the left end portions of the flange 72c 
and the plate/in the vicinity of the f lange^fgrovide raised) 
portion* 73, (J3V which enter the recessed portion 53 (63) of 
the plate 50 (60). . (A^abuttW portion between the recessed 
portion 53 (63 ) [of^the ^axsed^portion 73^73} is welded. / An 
uppei;j(^id^) of .the ^aised^portions (737) 73^|ormi) the flange 
72ci. Thej^flange 52c (62c) and the (longitudinal direction] 
end portion of the flange 72c are abutted and weldec^. 

The [longitudinal direction] end portions |>f/A a lower 
side 72b of the plate 70 (ls)Jabutted (to>the flanges 52b, 62b 
and welded. An end portion of the bottom plate 71 between 
thej(r^ised) portions 73 and the flange 72b protrudes from the 
(longitudinal direction) end^pr^on) of the flange 72 k* 

.The abutted portions {xriUabove are welded continuously 
(and^no water leakage occurs. The weldfflfti portions are cut 



off by ^ grinding (manner] and ar t e formed smoothly. 

The flange 52e ( 62e) (of)jthe connection portion 

between the flange 52c (62c) and the flange 52d ( 62d)« gprms)jl 

J A 



a circular arc shape. 

The ^protrusion (directions] of the flan^s^^b, 52c, 
52d, 52e, 62b f 62c, 62d, 62e, 70b, 70c are) orthogonal 
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Substantially to the faces of the [botto^ platen J51, 61, 71. 
Accordingly, when the flanges 52c, 52d, 52e, 62c, 62d, 62e, 
70c are overlapped to an inner side of the end portions of 
"(the^side structural body 20 and the roof structural body 30 , 
5 they overlap in parallel {and the) (good welding can be 

attained. The lower ends of the right and the left plates 
50 , 60 are overlapped \td)j the stand frame 10 and are welded. 

The plates 50, 60, 70 have a plurality of 
reinforcement (use) ribs {Ii^the inner side of the car body 

OA 

10 and (Iri)kthe outer side of the car body, but they are not 
shown in th€^igu^ example, (the)Arib (Lsj) formed o\ 

another member (^itf^the plates 50, 60, 70 (the spot welding) 
(manner is carried out]. Further^ the plates 50, 60, 70 are 
provided integrally by (the) plastic proce^i^^^ 

15 According to the above, (to the joining) jport ion 

between the plate 70, the plate 50 (60) and the^roof 
structural body 30, there is no gap (and then thejj^joining is 
carried out. Further, j|td) the (joining portib^i between the 
plate 70 and the plate 50 (60), there is no circular arc- 

20 shaped groove of the flange (ana thejjgood outer appearance 

can be obtained. 

Next, the method goj^J^^^f^ct^ing the plates 50 , 60 

and 70 will be explained (referring^ to [from] Fig. 7 to Fig. 

10. This plate manufacturing method is carried out 

J s 
25 according to the increment^ forming method. Fig. 7 shown 

only a left end portion of the increment^ forming apparatus. 

The other portions have suitably the same construction. 
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The forming of the plate 50 will be explained^ A 
metal die 120»fisJ) a female die (an outer die)^ The female) 
[die 12<5)sis (placed^ horizontally . (T<^jan upper face of the 
female di^^20^ jthe)jplate 50 [being the row^material is 
mounted. iQ^n)an interior portion of the female die 120* a 
rod- shaped tool |12G[)iis inserted* The tool 130 descents) ^ 
along^ face of the female die 120^ and (nextj'i^ A r 

moveji^^ong {to ar^inner peripheral face of the female die 
120. ^Ojshape of the inner peripheral face of the female 
die 120 (Is the same\iouter diameter shape of .the plate 50. A * 

When the tool 139a(Is carried out to go one round), the 
tool 130 (repeatfcf^the above function^ Accordingly , the flat & 
plate 50b (being the row^material is^carried out the) 
squeezing processing. Further, the descendant)) of the tool 
15 130 [means the)jlmovement in the squeezing processing 

direction. This is substantially (th^)Amovement in ^r^j axial 
direction of the tool 130 and is ^h^movement in (a^ depth 
direction of the (forming) product^ 

(A)^tip end of the tool 130 is flatQ A^^rr^^^ 
20 from the tip end to the side face of the tool 13 0^ has a 

circular arc shape*. The circular arciffs a circular arcJ 
(which is formed by aj^bottom plate 51 of the pl£te^0 (and) 

^Ehe flanges J^'^ 2 ^^^ . jc&l^yji& 01 13 ° ±S (L if te 4)* down os>/< ^hi% 
feotatively ^i^m^t^e movemerit)|body (jkv^^ figure) (of)^ 

25 the upper portioni. The tool 1 3 OJl moves ya long ^ an inner 

peripheral face (^E€}yporresponds to the portions (of^Athe 

flangefl 52b, 52c, 52c^) of the female die 120. 
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Since the tool 130 moves by contacting Jtc^ the frowjA**^ 
material 50b, the tool 130 rotates (rotates on its axis) as 
a follower. Accordingly, the tool 130 is> not/contact<BS ^to)*J *^*\ 
one point \of» the (row)|imaterial 50b, ) a blazing phenomenon can 
be prevented. Further , a lubricating oil is coated on the 
upper face of the ^ow^material 50b. 

On the upper face of the female die 120, plural 
positioning ^use) pins (guides) 123 are>(stood uj^. When the 
flat plate of the ^owjj^naterial 50b is placed on the upper 
{end\of the female die 120, the pins 123 contact* fcq) the A * 
outer peripheral^portion)of the (Tow^material 50bf. Then the]^ 
positioning is carried out. The upper end ((£_t is) called (as) 
a shoulder portion) of the inner peripheral side of the 
female die 120 has^a circular arc. This circular arc 
exists along the whole pe riphery of the female die 120. 

(According)^ to this circular arc^, the outer peripheral 
portion of the^(ro^ mate^ the |nnerj>^^ 

peripheral side} of the female die 120^. ^Further^ the 
position etc. of the circular arc portion of the shoulder 
portjlxm^of the female die 120 will be ^described (in a lattei] 
gortio^. 

The interior portion of the female die 12 0 has no 
bottom foortioi^. In the^interior portion of the female die 
120, a seat 140^for mounting the {row^material 50b (Is) 
ferovidec^. The seat 140 is supported^Jaccording to a means] 
150 which can carry out^to control the height {position) 
thereof. The seat 14 0 is provided |on a portionj^which 
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opposes (to a)jtip portion (ja^ lower end) of the tool 130. 
The seat 140 is, provided on a portion which corresponds to 

a jmove^ trac k Jjin the peripheral direction of the tool 130.^ ) 

. - ___ 

^Namely, the (row^ material 50b is sandwiched by the tip 
5 end of the tool 130 jjand the seat 140. Further , the seat 
140 is provided Jon a)jcentral [port ion) jof the female die 120 ♦ 

Accordingljr *^^ / J^ ntral P ort: *- on °^ the fepw^niaterial 50b 

can be^jf ixed^. , . 

The seat 140 (mounts)/the (row);material 50b and fixes it|. 

10 The fixing is carried out Recording to th^)j| magnetic force 

(by) providSStp an electromagnet. Or, on an upper face of the 

J \~*^ } Jw^ 

seat 140 , a vacuum adsorption pad (l^;provided (and)jthe 

fixing is carried out ^according to ajpacuum adsorption. fy&K 

fixing position is^a central portion of the seat 140. The 

15 (row^material 50b is made of a steel system metal , a 

stainless system metal , and an aluminum alloy system metal. 

The means 150 f or Ascending) andjfcl^scending) the seat 
140 will be explained. The means 150 is comprised of 
plural screw mechanisms 151. In Fig. 7,i a pair of the 

20 screw mechanisms 151 is shown. A seat 145 (of a lower end^ 

\pf}the seat 140 is supported {according to)^a screw rod 152. _ 

jTo)^the seat 14^a rotatabl e free nut is p rovided^. 

C (Jjj^ 
(According t<3\Athe rotation of a drive mechanism 155, 

the screw 152 rotates and the seat 140^ (Sescends). Further, 

25 between the seat 140 or the seat 145 and a base, plural 

guides (not shown in figure) for^ascending) and descending) 

^vertically) jjthe seat 140 are provided. The means 150 and 
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the female die 120 are/(lnstalledj on the base. 

The If orming method will be explained. The (row)A^ . 
material 50b is a flat plate , which is developed/ (as) aAshape 
\fafter the\formin3. In the above- stated development the 
5 {development} sizefis calculated accor^n^to^he surface 

area and the volume of the forming) product^, similar to the 
squeezing forming method of the corner portion. Or, it is 
determined according to (the) experimentation. 

(Under the base)jof the) development size, the plate is 
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cutoff using a tartlet punch press ^annerj etc./ (^^JUu^^iM^^ 



(^nnection^portion between the flange 52b and the flange 
52c isK\separated). Further, the recessed portion 53 is 
(provided). The development shape of the jrow)material 50b is 
determined according to the above- stated /^|act^. 
15 Next, the (row)jmaterial 50b is mounted on the upper 

thejenalj die J^.^t^t^^^gatejia^ 
50b is (mountecjAon the (ascendedj^geat 140^ The row material) 
(50b) i s positioning (determined) by ; fo \ pinS 123 . 



^Next), the (rov^Jmaterial 50b is fixed to the seat 140(T| 
20 (The fixture position and the fixture means are^stated Jon) 

rfthe former porticg. i^^„^~*S>~*Jt 

Next, the seat 140 isA(descendedi and (next) the tool 130 
isj^descended). (a descenden^ posit ion^(of) the tool 130 A is a 
position where (between) the side face of the tool 130 and 
25 the vertical face (the inner^ peripheral face, the linear 
portion! of the female die 120^the (rovfy material 50b (xs) 
positioned 
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Namely r the (rpw^material 50b is sandwiched between 
the inner peripheral face of the female die 120 and the 
side face of the tool 130. Under this condition, [the tool) 
(130 is descended and as stated in a latter portion) the tool 
5 130 is moved jin the peripheral direction along (t^th^ inner j^j^ 
peripheral face of the female die 120. /a descendentj/amount^ 
^>£}the tool 130 1 is (one where a) /tip end of the tool 130 
contacts [to} the (descendent ro wfcnater ial 50b 

— ■ ~ Jl^W<^^ ~~~ 

c For example, before the (descendentj^of the seat 140, 

10 when the upper face of the seat 140 is positioned at the 
same^|ace of^ the upper face (the (position where^the end 
portion of the (rowjjjnaterial 50b is mounted [on)) of the J 
female die 120, when the tip end of the tool 130 is ^ |f 
contact VR (teethe upper face of the (ro^material 50b, (th§| 

15 (descended amounts of} the seat 140 and the tool 130 arejthe 
sameAamount. Both [od^ the seat 140 and the tool 130 can be 
(clescendedj^at the same time. 

(As showH Tn this embodiment according to the present 
invention, (whenji^he bottom plate 51 is wide and the plate 

20 thickness is thin and the central portion of the bottom 

plate 51 is fixed, since the bottom platejSl is bent, it is 
unnecessary to bend the outer peripheral portion of the 
bottom plate | 51 according to^the female die 12 0. 
Accordingly, the (rpw^material 50b may jbecome^to incline. 

25 Further, as stated in a latter portion, when the tool 130 
is moved ^in the peripheral direction, the growfy mater ial 50b 
may [become)jto rotate. Accordingly, the (rp^j material 50b is 
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fixed to the seat 140. . fi h 

The QescendentJ position^(of) the > tool 130 is^a 

Jfk\ (yU-^ 5^)5"^ oJl^TJl t*^t*U. (p^W 

position^ in which^ between the side face of the tool 130 
and the inner peripheral face of the female die 120 (the] £ 
5 ^flanges 52b, 52c and 52d are positioned). Further, (it is) 

(taken into thS) consider a tion A (^x>ut) the rectangular angle of '^M 
the flanges 52b, 52c, 52d. When the rectangular angle is ..;y^./ ; ;^p 
taken into ^the\ consideration, the tool 130 is positioned /to f 
sandwich the (row)jmaterial 50b between the side face of the 
10 tool 130 and the inner peripheral face of the female die 

Next, the tool 130 is moved^ along (to) the inner 
peripheral face of the female die 120. The tool 130 
rotates as a follower^. The (row)material 50b is formed 
15 ^incrementally) ftin accordance with the ^movement of the tool 

j^? ext _fl Sveryjlthe tool 130J(1^ moved ^ around jon^W* 
periphery, (as stated in, abovej the seat 140 is [descended]/ 
and (also) the tool 130 isj((descended)}. Thej((descenden§ amounts^ 
20 Sph\ the toolKand the seat 140^ and the Idescendent) position of 
the tool 130 arej(the sated in) above. (NexJ, the tool 130 is A 
moved J^along (to) the inner peripheral face of the female die 

16taGt&&&r, the ldescendents]vof the seat 140 and the r , , 

a^^i^\ M*-&J bo ° & . — - fffi ^ x\ 

25 tool 130 and the^movement^ in the peripheral direct ion A fef)i/^<^ 1 ^ 
[the tool 130) are repeated. [According to the)jirepetition of 
the above- stated process, the outer peripheral portion of 
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the ^rov^material 50b is i moved {In^the inner peripheral face 

<\ 

of the female die 120. With this, fthe)jsqueezing processing a 
is carried out. The axial direction of the tool 130 [is a)^ 
squeezing processing .direction. The^ movement ^irectioffl of 
5 the tool> (120} along (to) the inner peripheral face of the 
female die 120 is a^radial direction of the tool 130. 

According to this embodiment of the present invention, 
the (row)imaterial 50b is ^deformed in a narrow .portion 
between the female die 120 and the^tool 130, j since (the)^\ 
10 small and homogeneous strain is jgiven)jj incrementally , (the)^ 
good flat face {degree oijfthe bottom platejSl can be 
maintained. 

In addition to the above, since the flanges 52b, 52c, 
5 2d are formed by restraining ^xtending^over the jall^*^^ 

15 periphery thereof , the flanges 52b, 52c, 52d are not 

expanded (In)\the outer side, ^he forming^product having (the)j^ 
superior rectangular degree [of)^the flat plate portion and 
the flange portion can be manufactured. 

In particular^ {to)/ since the circular arc-shaped 

20 flange of the connection potion between the flange 52c and 
the flange 52d is made widejto the outer side according to 
/l(th£) forming, [Bui^since the flanges 52c, 52d are restrainedji/^*^ 
to the outer portion by the female die 120, (the) vertical 
flanges 52 c, 52d can be formed. 

25 ^Namely, (In the alT^range from the begin^ of the 

squeezing process to the finish process, since the flange 
is sandwiched between the inner peripheral face of the 
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female die 120 and the side face of the tool 130 , the 
squeezing processing can be carried out by restraining the 
flanges from the outer portion and from the inner portion. 
As a result, jth^ process ing/(having) thej accuracy (witftj the 
rectangular degree etc. can be carried out. 

As stated (In) above , in the increment^ forming using 
the female die 120 , the seat 140 is prov^ded^ 
(peripheral side) of the female die 120 and ^to this seat lAOj 
Che row material 50b is fixed to, the row material 50b can) 
(be fixed to, and^a predetermined forming f^can be attained. ^^ C ^J^ 
Further, * the forming proceeds, the flange is positioned in^ 
the vertical face of the female die 120. 

Further, the (end portion)|of the female die 120 is 



^oved to direct^ for^the inner peripheral face of the female 
15 die 120 (and the^squeezing processing £s|)j| carried outpjand^ 

further^ the end portion of the female die 120 is positioned 

in the inner peripheral face of the female die 120 and the 

r ^ 

squeezing processing is carried out. Accordingly, [the)kgood 

rectangular degree (comprised of^jthe flange and the bottom 
20 facej51 can be obtained. Further, the height of thej flange 

can be [formed} large. ft 

Further, since the ^end}j port ion of the (row} material 

50b is moved (xn)jrt:he female die 120 £an3)f the squeezing 

processing is carried out, when the fatigue (of the afterj^^ 
25 forming of the (rowy material 5 0b is taken into (the) 

consideration, after the forming, it is unnecessary to cut 

off the end portion of the flange. 
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Since (the)jihigh load as;(shown) in (the) press processing 
is not necessary, the female die 120 can be formed with (the^ 
(eas^^material^ such as (the)^general steel material , (^he)^^»^* 
thermal treatment^ such as jth^ sinteringi and (the) minute 
5 surface finishing^ such as^ne) press metal die^are not 
necessary. 

The movement of the tool 130 will be explained in/ 
detail. The plate 50 has the flanges 52b, 52c, 52d [in the)^ 
three sides of theA quadrangjtej shape and (another one side) no 

10 flange is provided^. Accordingly, the circular arc portion 
of the shoulder (portion] of the female die 120 is provided 
along^to the) three sides. ^Another one)|side.(of) the (row)A^ 
material 50b is not mounted on the /another one side^of the 
female die 120. (X)jgap is formedi^etween the botQ. 

15 The tool 130 moves (to directjjfrom (Ehe) one end side of 

the flange 52b to the flange 52ct and .through the flange 52c v 
the tool 13 0 moves^o direct to) the end portion of the 
flange 52d. The (move) track \of^the ^ oo1 130) in the recessed 

portion 53 (portion} is shown in Fig./Q^. 

°\ 

20 In Fig.A@, the tool 130 has moved along (to) the flange 

52d and (ls)^passed through the end portion in the 
longitudinal direction of the flange 52d. Next, the fro w}/*"^ 
material 50b is moved reversibly a little to^position in 
the lower portion of the tool 130. Next, the seat 140 and 

25 the tool 130 are A /3escendej . Next, the tool 13 0 is moved^ to 
reach the end portion in the longitudinal direction of the 
flange 52b through the flanges 52c, 52e[/) 52d^ successively . 
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After the tool has passed the end portion of the 

flange 52b, as explained (In)/Fig. 8, the (rowjjmaterial 50b is 

<\ 

moved reversibly a little to/ position in the lower portion 
of the tool 130. Next, the seat 14 0 and the tool 130 are 
5 ^iescendedj. Next, the tool 130 is moved h to reach the end 
portion in the longitudinal direction of the flange 52d 
through the flanges 52b, 52eQ);52d. Hereinafter, the above 
stated operation is repeated. 

Further, since the flange of the plate 50 is provided^ 
10 only Fth% three sides, the tool 130 is reciprocated as 

stated ^n}jib>p ve - The former/ [explanations! "the tool 130 is 
moved y in the peripheral direction along [to) the inner 
peripheral face of the female die 120" etc, include the 
case of (the)jthree sides. Further, /the flange is provided/ 
Ij^^o^ily ^h^^tl^ee sides, it is unnecessary to reciprocate^ but 
^ (it} can go around. 

After the tool 130 has passed through the end portion 
in the longitudinal direction of the flanges 52d, 52b, 
jQnpve) the tool 130^ the end portion in the longitudinal 
20 direction of the flanges 52d, 52b is sandwiched between the 
side face of the tool 130 and the inner peripheral face of 
the female die 12 0 (and))the end portion in the longitudinal 
direction of the flanges is formed with a predetermined 
shape. 

25 (in the) Midway in the longitudinal direction of the 

f langev^hen) the movement of the tool 130 is stopped, /the 
end portion (sid§> from there (Is^not (th^tylinear shape. 
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Between the end portion of the {row}jmaterial 50b having [the} 
no flange and the end portion of the female die 120 , there 
is a gap [having more than (a) ) radius of the tool 130* As the 
size of the aboverstated recessed portion 53 , it is 
5 necessary to have £the sizejjthrough which the tool 130 can 
(be} passtfi. 

The (connection) portion between the flange 52b and the 
f^ajgg^ ^5^g^isA^eparated). Further^ the recessed portion 53 
is arrange^. The distance between the flange 52b and the 

10 flange 52c, namely v the size of the recessed portion 53<is 
determined )to press the end portion in the longitudinal 
direction of the flanges 52c (by^/the side face of the 

tool 13(^^^the inner peripheral face of the female die 120. 
The tool 130 is moved by pressing the end portion in the 

15 longitudinal direction of the flanges 52b, 52c. 

When the tool (removed from the flange 52b to the 
flange 52c, )l the lower end of the tool 130 is f contact** £d^^A 
the end face of the bottom plate 51, the tool 130 is 
/ascendedka little and is moved to the side of the flange 

20 52^: \and processed andj^moved in the longitudinal direction 
of the flange. Namely, the tool 130 is moved as shown in 
Fig. 8. 

The plate 60 is manuf actur^d^ii^larly . The plate 70 
is manufactured similarly. The (move>of the tool 130 in the 
25 end portion in the longitudinal direction of the flanges 
72b, 72c is carried out similarly. 

The processing machine for carrying out the increment^ 



21 



forming is a numeric control system processing apparatus , 
for example^ NC milling machine or a machining center. 5% a 
main shaft of the numeric control system processing ^ JUw^ 

* apparatus^ the tool 130 is installed. The tool 130 is moved j 

5 along (to} the inner peripheral face of the female die 20 in 
the vertical direction by ^he) numeric control. 

The main shaft jjhaving} the tool 130 JLs moved in the 
vertical direction and one (Sirectio^ horizontal 
direction. The female die 120 and the seat 140 are mounted 

10 on (th§) stable (the base). The table is moved in the 

horizontal direction (of th^ijrect angular direction ^gains^/^*^^^ 5 
the ^movement direction or)/the horizontal direction of the 
main shaft. 

According the above* stated two movements, the tool 
15 130 is moved along ^to^the inner peripheral face of the 

female die 120. The jjasc ending) and^(descending) means 150 is 
mounted on the table. In pl^ce of Jbhe movement (In the] 

ywv^ii^ K^M^A JU^&O^ 

(vertical direction) of the tool 13 0,, the table can be 
A (ascended) jmd/gescende^. ^ 
20 (The)^example will be explained. (ffhe^diameter of the 

tool 130 is 25 mm, the plate thickness of the (rowjjmaterial 
50b is from 0.5 mm to 4 mm degree, the distance from the 
inner peripheral face of the female die 12 0 to the side 
face of the tool 130 is from 0.8 times to 2 times degree, 

.^i) one (time^of the tool 130 (the 
gescendant) amount of^one time of the seat 140) is 0.5 time 
to 2 times (of) the plate thickness of the ^p^platerial 50b. 
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Further, the height of the flange is 20 mm, the 
radius ^of the circular arc (the shoulder portion) of the 
female die 120 is 5.5-13.5 mm, the diameter of the tool 130 
is 25 mm, the radius of the tip end of the tool 130 is from 
5 5.5 mm to 10 mm, and the radius of the circular arc portion 
52e is 100 mm. 

The size of the ^row]/\material 50b will be explained. 
As shown in Fig. 7, the size of the (ipw^material 50b is 
that the (end portion) ^of ^ejrov^n^ 50b is positioned 

10 £n£jlthe upper portion of the/ center of a circular arc R of 
the shoulder portion of the female die 1 2 0j or the [end] 
gortion) of the ^ow^material 50b is positionedfvftd) the center 
fside\of the female die 120 from the (upper portionWof the 
above- stated center. When the size of the (rpw)jmaterial 50b 
15 is larger than the above case, in the circular arc portion 
(l2a}of the flange |l^), (the)Acrack occurs easily in the 
connection portion between the flange (12} and bottom plate 

In the above; stated embodiment according to the 
20 present invention, after the seat 140^{ls descended), the 
tool 13 0 is^escende^, however the seat 14 0 and the tool 
130 can be^fiescendedj at the same time. Further, the tip 
end of the tool 130 N (Is) not; formed with (the)nflat shape^but 
can.be formed with a spher^ shape. Further, the tool can 



25 be ^ormedj^to not rotate. 

The squeezing processing can be carried out by fixing 
the seat 140 and (by ascendirlg^the female die 120. The tool 
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130 does not move in the vertical directionj(in the midway} 
^^the forming. The seat 140 is positioned (in the position) 
in the axial direction of the tool 130 and is arranged 
along (to\ the inner peripheral face of the female die 120* 
5 Further ,> the tool 130 goes around^ along (to) the 

circular arc portion of the shoulder portion of the female 
die 130 , (next} the tool 130 is moved (lfi)|the inner peripheral 
face of the female die 120) and (next) the tool 130A(goes] 
around (an^ftfter the end portion of the gowj^material is 
10 formed with (th^circular arc shape^nd) the tool 130 is 

(descende3))along go) the inner peripheral face of the female 
die 120[V): accordingly * the height of the flange is made 
K (furthei^ largeC 

(Th^j embodiment according to the present invention^ 
15 shown in Fig. 11 and Fig. 12^will be explained. A plate 

250 (260) corresponding to the plate 50 (60) is constituted 
by (th^extruded frame member. The extruded frame member 
250 (260) has plural ribs 255 (265 J. This extruded frame 
member 250 (260) is^fcarried out the increment formation). 
20 For this^lreasofl, (the ribs 255 (265) of] the upper end 

portion and the lower end portionAof the extruded frame 
member 250 (260) (1% removed by ghe^but off. 

When the thickness of the plate (of);the upper end 
portion and the lower end portion of the extruded frame 
25 member 250 (260) and the portion of the side face (side^ of 
the car body (the portion for providing the flange 252 
(262)) is thick (andj^the face of the rib 255 (265) is cut 
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off (and thenjj^the plate thickness becomes (to suit^ffor ^Ehe) 
increment^f orming • 

To the end portion of the side of the plate 270 and 
the end portion of the side of the passage 45 , (th^jrib 257 

5 (267) is provided. The [portiog/of the end portion 259 of 
the plate 250; for welding' to the end portion of the plate 
270 (is cut off. and the welding use groove is provided). 

(^protrusion (^ze) of the rib 257 (267) is smaller 
than Qa^protruisipn ^ize) of the rib 255 (265). A groove 258 

10 is provided (tq)Aa plate of the rib 257 (267). {Aifjend 
portion 259 of the plate is arranged^ the side of the 
passage 45 from an end portion of the side of the passage 
45 of the rib 257 (267). 

^In the groove 258 , an end portion of an interior 

15 member (not shown in h figure ) ^ and by (Ehe) provision of the 
rib 257 ( 267 )^g)iplate thickness of the end portion of the 
side of the passage 45 is made thick^jas a result ^ the 
strength (corresponding Athe flange 255 (265) can be secured. 
For this reason, the end portion of the side of the 

20 passage 45 is not formed with the rib 257 (267 )^ but the 

plate thickness of the end portion of the passage 45 side 
can be formed thick. Further , the flange 255 (265) can be 
provided (according to thej/extrusion processing (manneij. A 
thick portion is {namedj^generically withjthe rib 257 (267), 

25 the thick plate member and the flange 255 (265). 

According to the above-stated embodiment of the 
present invention, it is unnecessary to provide|t(the| member 
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(by bending the flange] corresponding to the flange 52b (62b^. 
Further, it is unnecessary to provide the recessed portion 
53. Accordingly , the plate can be formed easily. 

The plate 70 can be formed with fthejjextruded frame 
5 member similar^ to the plate 250. The extrusion direction 
of the plate 70 is the width direction of the car body. 
The flange 72b is formed in the thick portion of the plate 
250 (260). Further, the combination of the plate 220 to 
the plate 270 can change the combination of the plate 50 to 
10 the plate 70. 

In a case where the plate 250 is not constituted by 
one extruded frame memlper, fusing^lplural extruded frame 
membersftare welded. This joining (the welding) can be 
carried out, for example, (according to the); friction stir 



15 welding (manneij. The plate 270 can be f ormed £with thej^ 

extruded frame member. i 
^he)jmale die (is mounted] on the (rowj^material and j the 

outer peripheral portion of the jrotf^materia^^Is bent by th^ 

tool lalong jto) the outer peripheral portion of the male die 
20 [and ther^thej^f lange (can be manufactured). Further, the 

plates 50, 60, 70 can be manufactured [according to the] 5 ^^ 

press processing (manneij- 

According to the present invention, the two (forming) 

products having |the)fflange in the end portion of the plate 
25 and (the^third plate can be welded without (|he)jgap ((the) 

clearance) . 



